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Plot of thermodynamic stability of FDA-approved GBCAs 
versus basicity of the nitrogen atoms (ΣlogK H

i ) of the ligands

General Synthetic and Physical Methods
Ligand Synthesis and Characterization, Quyen N. Do, James S. Ratnakar, 
and Zoltán Kovács In Contrast Agents for MRI: Experimental Methods, 
Chapter 1, 2018
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Rigidity of Chelate



Rate Constants Characterizing the Acid-catalyzed Dissociation of  FDA
Approved GBCA’s 

GBCA Trade Name Description k1 (M
-1 s-1)

[Gd(DTPA)]2- Magnevist Linear, ionic 0.58

[Gd(BOPTA)]2- MultiHance Linear, ionic 0.41

[Gd(EOB-DTPA)] 2- Eovist Linear, ionic 0.16

[Gd(MS-325)]3- Ablavar Linear, ionic 2.9x10-2

[Gd(DTPA-BMA)] Omniscan Linear, non-ionic 12.7

[Gd(DTPA-BMEA)] Optimark Linear, non-ionic 8.6

[Gd(HP-DO3A)] ProHance Macrocyclic, non-ionic 6.4x10-4, 2.6x10-4

[Gd(BT-DO3A)] Gadovist Macrocyclic, non-ionic 2.8x10-5

[Gd(DOTA)]- Dotarem Macrocyclic, ionic 8.4x10-6, 1.8x10-6

Relative Rigidity
Within Each Group

Lability of Metal Complexes
GYULA TIRCSO,* ZSOLT BARANYAI, FERENC KRISZTIAN KALMAN, ZOLTÅN KOVACS, ERNOBRUCHER AND IMRE TOLTH

In Contrast Agents for MRI: Experimental Methods, Chapter 1, pg 92, 2018



We Are Not at Equilibrium After GBCA is Injected

The system will try to re-establish equilibrium (Le Chatelier’s
Principle).

Phosphate ions are present in the blood-
GdPhosphate is highly insoluble. 



S.J George, S.M.Webb, J.L. Abraham and S.P. Cramer  
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GBCA Ratio 
Index 
(min)

k1 (M
-1 s-1)

[Gd(DTPA-
BMA)]

70 12.7

[Gd(DTPA)]2- 250 0.58

[Gd(BOPTA)]2- 600 0.41

[Gd(HP-DO3A)] >5000 6.4x10-4, 
2.6x10-4

[Gd(BT-DO3A)] >5000 2.8x10-5

[Gd(DOTA)]- >5000 8.4x10-6, 
1.8x10-6



Stability of Gadolinium-Based Magnetic Resonance Imaging 
Contrast Agents in Human Serum at 37[degrees]C.
Frenzel, Thomas; Lengsfeld, Philipp; Schirmer, Heiko; Hutter, 
Joachim; Weinmann, Hanns-Joachim

Investigative Radiology. 43(12):817-828, December 2008.

FIGURE 6B.  Comparison of the rates of Gd3+ release for 
1 mmol/L solutions of all GBCAs in native human serum 
from healthy volunteers at 37[degrees]C  with 10 
mmol/L phosphate added (B). The initial rates (dark 
bars) of Gd3+ release and the release rates on day 3 (gray 
bars) are shown.
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Preclinical Mechanistic 
Studies of Gd Deposition 

in the Brain



Investigative Radiology, 52(7), 396-404, 2017



Estimates of the relative amounts of Total Gd, intact  GBCA, insoluble fraction and fraction 
of macromolecular complex in the cerebellum of rats 24 days post injections  

GBCA Total 
Gd*

Insoluble
Gd*

Macromolecular  
Complex*

k1 (M
-1 s-1)

[Gd(HP-DO3A)] 1.4 0.2 0.008 2.8x10-5

Gd-(DOTA)]- 1.1 0.3 0.014 8.4x10-6, 1.8x10-6

[Gd(DTPA-BMA)] 5.5 3.8 0.70 12.7

[Gd(DTPA)]2- 3.8 2.2 0.58 0.58

[Gd(BOPTA)]2- 2.8 1.8 0.44 0.41

* nanomoles/gram of tissue

Macrocyclic

Linear



Summary of Animal Studies

GBCA’s reach the CSF intact

The CSF can communicate with the interstitial spaces 
in the brain and thus the injected GBCA’s indirectly 
cross the blood-brain barrier intact

The GBCA’s are then cleared from the brain by 
diffusion and renal clearance

Within experimental error, the macrocyclic GBCA’s 
remain largely intact over at least 24 days

The linear GBCA’s can be found as intact GBCA’s (ca 
20%), macromolecular complexes and insoluble 
products over a 24 day period
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